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The fottowing гаdiоmеtгiс comp[exes аге being аппочпсеd fог use at the гаdiо te[escope RATAN-600
of the Fеdега[ State Вчdgеtаrу lnstitution of Science of the Speciat АStгорhуSiса[ oЬsегvаtоry of the

Russian Academy of Sciences (SA0 RAS) since the beginning of 2024:

1. д compl,ex of continuUm гаdiоmеtегS at 
,1.45_з0.0 GHz (,1.45, 2.25, L;l, в,2,11.2,1L.h, 22.з and з0.0

GHz) with bandwidths fгоm -4% (at dm wavetengths) up to -17% (at cm wave[engths) of the сепtга[
fгеqчепсу оп the secondary mirгог Ne 'l

2. Д соmрtех of сопtiпччm гаdiоmеtегS al l+:l -22,З GHz (4.7, В.2, 11.2, 14.4 and 22.3 GHz) with
bandwidths fгоm -4% (at dm wavetengths) up to -'10-12% of the сепtга[ fгеquепсу оп the Secondary
miггог Ne 2.

3. Muttibeam гаdiоmеtгiс comp[ex at 2.25, l+,7 and 'l4-4 GHz fог the fast гаdiо Ьuгsts (FRB) Sеагсhiпg
оп the sесопdагу miггоr Ne 5.

4. Sо[аг sресtгаl-роtагizаtiоп complex at 3-18 GHz оп the sесопdагу miггог N9 3-

5. Sо[аг sресtга[-ро[агizаtiоп соmр[ех at1-3 GHz оп the secondary miггог N9 3.

6. д comptex of continuum гаdiоmеtегs at Д,'l ,8,2 and 30 GHz (iп test mode) оп the secondary miггог
N9 з.

д Ьгiеf descгiption of гаdiоmеtгiс comp[exes апd the соггеsропdiпg оЬsегvаtiопа[ methods (М'|-М6)

imp[emented at RдТДN-600 сап Ье found betow. Detail,ed information can Ье found in the liЬгаry of

the Sд0 RдS ог at the home page htф.//www,sao,f ц and https:/rat.sao.гu1 in the usег mапuа[
Section.
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METHODS 1_з

А complex of continuum гаdlоmеtегs at 1.45-З0.0 GHz (1 .25,2.25, L.'l ,В.2,11.2,TЦ.h
and 22.З GHz) with bandwidths fгоm -Ц% (at dm wavelengths) up to -17% (at cm

wavelengths) of the сепtгаL fгеquепсу оп the sесопdагу miггог N9 1

М ]: the sресtгаL flux density mеаsuгеmепt iп the fгеquепсу гап9е of 1.45-З0.0 GHz.

А complex of continuum гаdiоmеtегs at Ц.'1-22.З GHz (Ц1,8.2,11.2,1Ц.Ц and 22.З

GHz) with bandwidths fгоm -Ц% (at dm wavelengths) up to -10-12% of the сепtга[
f геquепсу on the sесопdагу miггог N9 2

М2. the sресtгаL flux density mеаsuгеmепt in the fгеquепсу гапgе of Ц.7-22.З GHz

Multibeam гаdiоmеtгiс соmр[ех at2.25,4.7 and 1Ц.Ц GHz fог the fast гаdiо Ьuгsts
(FRВ) sеагсhiпg оп the sесопdагу miггог N9 5

М,З: the sресtга[ f[ux density mеаsuгеmепt in the frеqчепсу гапgе 2,25-1Ц,Д GHz with а high
tеmрогаl геsоlutiоп (uр to 62.5 цs).

Responsible регsоп fог the methods ]-З: [аЬогаtогу of continuum гаdiоmеtегs:
Head of 

.the 
LаЬогаоtу Р G Tsybulev (реtег@sа_о_fu),

sепiог геsеасhег N.A. Nizhetsky (пizh@sао.гu).

Tвchnical features. The счггепt [eve[ of the RATAN-600 detecting equipment is ргочidеd Ьу the u[tга-
low-noise, чпсооlеd аmрl,ifiегs. The stапdагd rаdiоmеtегs рагаmеtегs аге ргеsепtеd in the Tabtes la-
с. Designations: f0 - сепtга[ fгеqчепсу (GHz);^f - bandwidth (GHz); 

^F 
- sensitivity Ьу the sресtга[ flux

density рег unit of the геsо[чtiоп еlеmепt (mJ/beam); HPBW" - width of the diаgгаm fог dec[ination at
half роwег [eve[ б-42", AR - апgч[аг геsоlчtiоп fог altitudes б-42'.

The RATAN_600 гаdiоmеtеrs аrе the diгесt гесеiчегs of the miсгоwаче signals iп the given
fгеqчепсу bandwidth with squaгe-law detection. The орегаtiпg mode of а[[ the гесеiчеrs is "tota[

роwег гаdiоmеtег". The data acquisition system is based оп the пеw hагdwаге-sоftwаге subsystem
ER-DAS (Embedded Rаdiоmеtгiс Data Acquisition System) [l].

ТаЬ[е 1а. The сопtiпччm гаdiоmеtег гаmеtегs fог sесопdа miггог NЧ

гаmеtеrs fоr sесопdа

Е

АF. mJчДеаm НРВЩ, sec AR, агсsесfo, GHz Af, GHz
0.75 в.530.0 5.0 100
1.0 1122.з 2.5 50
1.1 1з1h.h 2.0 25

15 1.h 15.511,2
,1.0

в,2 1.0 10 2.0 22
з.2 з5h.,l 0,6 5

в02.25 0.,| з0 7.2

1.45 0.,l 20 10
,l10

НРВЩ, sec AR, агсsесfo, GHz Af, GHz АF, mJуДеаm
,1.5

16.522,з 2.5 95
1д,ц 2,0 50 1.6 1в

11,2
,l 

0 з0 2,1 2з

Tab[e 1Ь. The сопtiпччm гаdiоmеtег miггог N92



в.2 1.0 20 2.7 з0
ц.7 0.6 10 4.в 5з

НРВЩ. sec AR, агсsесfo, GHz Af, GHz АF, mJуДеаm
,l1

1з,40-15.40 2.0 50
,I.0

4.40_4.55 0.15
,l0

з.2 35
35h,55-h;l0 0.15 10 3.2

з.2 з5ц.l0-h.в5 0,15 10

3,2 з54.85-5.00 0.,15 10

в02.21-2.29 0.в0 ц0 7.2

Tabte 1с. The continuum rаdiоmеtег агаmеtегs fог seconda mirгог N95

The wide frеqчепсу band of 600 MHz of each гаd|оmеtег at 4.? GHz is divided into 4 "паггоw"
sчЬ-сhаппе[s of 150 MHz. А quadгatic detectoг is insta[[ed at the output of each "паггоw' сhаппе[, The
data аге гесогdеd in the'Total роwег гаdiоmеtег" (TPR) mode, so the гаdiоmеtгiс comp[ex consists of
lб independent гаdiоmеtегs. Dividing the 600 MHz Ьапd into 4 sub-channe[s a[[ows to mеаsчге the
disрегsiоп of гаdiо waves in ап iпtеrstеl[аг medium. The ргеsепсе of such disрегsiоп is а sign of а
distant гаdiо sочгсе (instead of [оса[ iпtегfегепсе). Signa[s аге гесогdеd using а stапdагd data
acquisition system with а frequency of 16384 counts рег second fог each of the ]6 сhаппеls. Fочг
гаdiоmеtегs оп the second miггог N95 with the RATAN-600 Wеstегп sесtог a[[ow to оЬsегче 4
adjacent раrts of the Sky Simultaneousl,y, thегеЬу expanding the view fiel,d 4 times. lп аgгееmепt with
the геsропsiЬ[е оЬsеrчег the оЬsегчаtiопs аге саггiеd out in the sчгчеу mode, iп the fогm of hочг[у
one-dimensiona[ sсап5 at а fixed elevation. At the beginning of 2024 the Wвstегп sесtог elevation
соггеsропds to the miсгоqчаsаг Cyg Х-3 decl,ination. The Method 3 сап Ье imp[emented joint[y and in
аgгееmепt with the SA0 RAS геsропsiЬ[е fог methods регsоп,

lп 2024, гаdiоmеtегs continuum comp[ex of secondary miггог N95 was supplemented with two
continuum гаdiоmеtегs at the fгequencies 2.3 and 1h.Д GHz.

Mёthod of оЬsеrчаtiоп. Obseгvations with гаdiоmеtегs continuum complex (methods'|-З) аге саггiеd
out in the mode of гаdiо sources passing thгочgh а stationary beam раttегп due to the daity гоtаtiоп
of the Еагth.
Апt9ппа parametens. Ъе апgч[аг геsоlчtiоп of the гаdiо telescope depends оп the апtеппа elevation.
lts va[ue Ьу dec[ination is thгее to fочг times wогsе than in the гight ascension, due to the knife-
shaped beam раttегп. The detection timit of the гadio telescope is about 5 mJy (accumu[ation time З
sec) at 4.7 GHz at ачегаgе апtеппа апg[еs чпdег good wеаthег conditions.

RATAN-600 is а геflесtог гаdiо telescope with а чагiаЬlе profile апtеппа [2-7]. That means. both
the арегtuге апd focal length of its апtеппаs сhапgе depending оп the sоuгсеs чпdег investigation
etevation. The апtеппа elevation чагiеs fгоm 3.5'to 97'. The foca[ length чагiеs fгоm 155 m fгоm the
сепtег of the сiгс[е (the focal, [епgth mеаsuгеd fгоm the antenna is f=288-155=33 m) to -40 m
(f=288+40=З28 m). The аЬеггаtiоп zone in the focus of the secondary miггог changes significantl,y: the
gгеаtег the focal tength, the less the focal image of the sочгсе is distогtеd. This RATAN-600 geometry
fеаtчге gives the advantage to get quasi-simultaneous гаdiо sресtга of sочгсеs at the fгеqчепсу
гапgе 1.25-22.З GHz within 3-5 minutes. lndependent оЬsегчаtiопs сап Ье саггiеd out with two
antenna sесtогs iп thrее configuгations: the Nогthегп sесtог (elements with пчmЬегs 487-712), the
Sочthегп sесtог (е[еmепts with пчmЬегs 45-255), the Sочthегп sесtог with а Flat геflесtог (mаiп
miггог frоm 75 to 255 еlеmепt апd ]20 etements of F[at геflесtог). The following dесliпаtiоп гапgеs
аrе avai[ab[e:

(i) Nогthегп sесtог: -42o<DEC<+50o (it is necessary to use the "fixed" focus mode at [ow
dec[ination),
(ii) Sочthегп sесtог:

iп the чррег cu[mination: +72"<DEC<+90',

tn the [оwег cU[mination: +49"<DEC<+90'.
(iii) Sочthегп sесtог with а F[at геf[есtог: -42' <DEC <+7]".



Observations with the Nогthегп sесtог (azimuth 0") аге саrгiеd out оп the гаdiоmеtгiс comp[ex
of the secondary miггог Ngl. The пчmЬег of installations in the Nогthегп sесtог should поt exceed 85
units рег day.

oьsегчаtiопs with the sочthегп sесtог and the southeгn sесtог with а F[at геflесtог аге
регfогmеd оп гаdiоmеtгiс comp[exes of secondary miггогs Nq2 and N9З (see the methods 2 апd l+,

геsресtiче[у). OЬsегчаtiопs with the secondary miггог N92 аге саггiеd out in azimuths of 180" апd 0'.
0п the secondary miггог N93, sуmmеtгiсаl multi-azimuth оЬsегчаtiопs геlаtiче to the mегidiап (А =

0") аге саrгiеd out. The пчmЬег of instal[ations during оЬsегчаtiопs with the Southeгn sесtог with а
Flat геf[есtог should not exceed 80 units рег day.

lпfогmаtiоп оп secondary са[iЬгаtiоп SочгсеS, as we[[ as Special саliЬгаtiоп sочгсеS fог the [ow
RATAN-600 elevations, сап Ье obtained fгоm рарег5 8-'l0. Fеаtчгеs of са[iЬгаtiоп coefficients
dependences оп the апtеппа elevation (саtiЬгаtiоп счгчеs) of the R-600 аге ргеsепtеd in рарегs [11-
121.
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мЕгнOD ц

SоLаг sресtгаL-роLагizаtiоп соmр[ех at З-]8 GHz оп the sесопdагу miггог N9 3

М 4: The гаdiо emission intensity and роlагizаtiоп mеаsчrеmепt of the disсгеtе гаdiо sоuгсеs and the
Sun in а dynamlc гапgе чр to 60 dB at 3-1B GHz

Responsible fог the method 4: the Radio аstгопоmу геsеагсh [аЬогаtогу,
А. Stогоzhепkо, аsс-wогk@mа i[.гu.

Тhе functiona[ity of the complex is геlаtеd with а significant iпсгеаSе in the dynamic гапgе fог the
рчгроsе of геgistегiпg геfегепсе sочгсеs in the miсгоwаче waveband at the [ече[s of both the timiting
sensitivity fог this iпstгчmепt апd fог rесогdiпg the brightest гаdiо sочгсе5 оп the Sчп геасhiпg
mi[[ions of dеgгееs of the апtеппа tеmрегаtuге. This is achieved Ьу the iпtгоdчсtiоп of automatic
attenuatoгs оп the signa[ amplification [ines асгоss а[[ сhаппеls of the complex. The complex сап Ье
used fог а чагiеtу of апtеппа mеаsuгеmепts, as we[[ as fог роwегfчl signa[s fгоm geostationary
satellites. The comp[ex was insta[[ed iп 2016 iп the RATAN-600 гесеiче саЬiп N9 3, which is wогkiпg at
the Sочthегп Sесtоr апtеппа System With а Flat геf[есtог fог conducting muttiple observations of the
dynamics of the Sun iп azimuths апd in tгасkiпg modes.
А fu[[ роwег mode of the гесеiчегs with геgistгаtiоп of гight апd teft сiгсч[аг ро[агizаtiопs оп а[[
channe[s is геа[izеd.
А[[ necessary featuгes of the comp[ex dчгiпg the оЬsегчаtiопs, such as the гарid ana[ysis and fu[[
геdчсtiоп of оьsегчаtiопs аге also геаlizеd in the automatic mode. The foгmat of the оьsегчаtiопаl
data iS consistent With the оЬsеrчаtiопа[ database existing since 1995.
complex features аrе giчеп iп Tabl,e 2.

Table 2. Рагаmеtегs of complex at the fгеqчепсiеs of 3-18 GHz with the secondary miггог Ng 3
RATAN_600.

рагаmеtег Value
Fгеquепсу гапqе З,0 GHz - 1В GHz
Levels of fгеqчепсу геsо[utiоп ]st Level: 80 сhаппе[s, bandwidth of 100 MHz

2nd [eve[: ]0 channels, bandwidth of 1500
MHz

Rеgistгаtiоп speed 0.0025 sесЛl2сhаппе[s
Noise tеmрегаtuге 300 к
Dynamic гапqе >60 dB
l пtег-сhаппе[ decoupIinq >20 dB
E[[ipticity 1-5 %

The width of the hогп diаgгаm iп the епtiге
гапgе

+-60 dеgгееs

The decoupling between the RH апd LH
ро[агizаtiопs

>20dB

The offset of the phase сепtегs fог RH and LH 0.5 mm
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мЕгнOD 5

Sо[аг sресtга[-роLагizаtiоп complex at the fгеquепсiеs of 'l-З GHz with the
sесопdагу miггог N9 З

М 5: The гаdiо emission intensity and роlагizаtiоп mеаsчгеmепt of the disсгеtе rаdiо sоurсеs and the
Sчп in а dупаmiс гапgе uр to 90 dB at the frequencies 1-3 GHz.

Responsible fог the method 4: the Radio аstгопоmу геsеагсh [аЬогаtогу,
N.E. Ovchinnikova, п.е.оvсh i пп i kova @gma i[.com

The рчгроsе of the complex is а detailed study of the Sресtга of гаdiо аStrопоmiса[ signals of
teft and right polaгizations (with а геsоlчtiоп of чр to 1.2.105 Hz) апd а time reso[ution of 8 цs чпdег
conditions of sечеге contamination of the гапgе With industгial and household гаdiо iпtегfегепсе
(Table 3). The dynamic гапgе of the complex is sufficient both fоr rеgistегiпg геfегепсе sочгсеs in the
miсгоwаче гапgе at levels of maximum sensitivity fог this equipment, and fог геgistегiпg the
bгightest гаdiо sочгсеs оп the Suп, геасhiпg mi[lions of dеgгееs of апtеппа tеmрегаtчге. А distinctive
fеаtчге of the comp[ex is the diгесt digitization of the гаdiо аstгопоmу signat Ьу high-speed ADCs,
fol[owed Ьу ргосеssiпg of the digitat signat Ьу а роwегfчl FРGА (ргоgгаmmаЬlе logic iпtеgгаtеd
сiгсчit) and calculation of the signal роwег sресtга[ density iп геа[ time. The dynamic rапgе is
епsчгеd Ьу the use of [ow-noise, tempeгatuгe-stabitizBd аmрtifiегs at the гаdiоmеtег input with ап
iпhегепt поisе tеmрегаtuге of no highег than 100К and the ргеsепсе of an AGC in the апа[оg рагt of
the гаdiоmеtег. The equipment's noise immunity is епsчгеd Ьу the ргеsепсе of notch fittегs with high
гесtапgчlагitу to sчррге55 the most роwегfч[ sочгсеs of гаdiо iпtегfегепсе and the use of the
kuгtosis method, implemented оп ап FРGА, fог statistical ргосеssiпg of the iпсоmiпg digital signal iп
геа[ time and fittегiпg поп-Gачssiап соmропепts. The comp[ex сап Ье used fог sресtга[ апtеппа
mеаsчгеmепts.

The comp[ex was installed iп 202З in the гесеiчiпg cabin N93 RATAN-600 in the Sочthегп Sесtог
antenna system with а F[at rеf[есtоr to сопdчсt multipte оЬsегчаtiопs of the sо[аг dynamics iп
azimuths and in tгасkiпg modes. Fч[[ роwег mode with rеgistгаtiоп of гight and left сirсч[аг
po[arizations i5 implemented. OЬsегчаtiопs at the comptex аге сагriеd out automatically. The fоrmаt
of the оЬsегчаtiопа[ data is consistent with the оЬsегчаtiопа[ database existing since 1995.

Tab[e 3. Рагаmеtегs of [ех at the cies of 1-3 GHz with the seconda miггог N9 3.

Е

рагаmеtег Vа[че
Fгеquепсу гапqе 1.0GНz-ЗGНz
FгеquепсV геsоlutiоп Optional: fгоm 122kGz to ] GHz
Time геsоlutiоп fгоm В.З ms
Noise tеmрегаtuге 40-100 к
Dynamic гапqе 90 dB
El,Iipticitv 1-10 %

The width of the hогп diаgгаm at least 90 dеqгееs
The decoupling between the RH and LH
po[aгizations

> 
,l5 

dB

The offset of the phase сепtегs fог RH and LH по mоге than 0.005 m along the focal line and 0.04
m погmа[ to the hогп арегtUге
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METHOD 6

Continuum гаdiоmеtегs complex at 4.7,8.2 and З0 GHz (in test mode) оп the sесопdагу
miггог N9 3

М i5: the Sресtга[ flux density mеаSчгеmепt of гаdiо emission fгоm space objectý at fгеquепсiеs 4,7,

8.2 апd 22.3 GHz in mutti-azimuth mode

Responsib[e регsоп fог the methods'1-3. the сопtiпuum гаdiоmеtегs [аЬогаtогу:
Head of 

.the 
[аЬогаоtу P.G.Tsybulev (реtег@sао.Iч),

sепiог геsеасhег N.A. Nizhelsky (пizh@sао.гu).

The 8.2 GHz гаdiоmеtеr is bui[t оп the basis of ап 8.2 GHz гаdiоmеtгiс modu[e designed and
mапчfасtчгеd Ьу Мikгап. Modu[e орегаtiпg рагаmеtегS:

Сепtеr frеqчепсу 8,2 GHz (wave 3.7 cm)
0регаtiпg fгеqчепсу гапgе 7.7 -8.7 GHz
Noise fасtог fог 10 copies. 0.61 - 0.69dB (44 -50 К)
Gain in the орегаtiпg band 63-68 dB
Suppty vottage 8-12 V
Счггепt consumption по mоге than ]70 mA
Waveguide input with а cгoss-section of 28.5х12.6 mm2, coaxiaI SMA output
Stгчсtчга[[у, the modu[e is made of ап input low-noise аmрlifiег (LNA), combined with а

coaxia[-waveguide junction, ап output LNA and а bandpass fi[tег, mounted оп а соррег plate апd
connected Ьу саЬ[е assemblies. Ъе гаdiоmеtег is made in the fогm of а sерагаtе гесеiчiпg device
mounted оп dчга[чmiп p[ates and consists of а ргimаry feed, а waveguide tгansition fгоm а гочпd to а
гесtапgч[аг cгoss-section 28.5x'l2.6 mm2, а diгесtiопаl сочр[ег with а tгansition attenuation of 42 dB
fог the са[iЬгаtiоп signa[, а гаdiоmеtriс modu[e, ЬrоаdЬапd (0.'I-18 GHz) miсrоwаче detectoг optimized
with а [оw-fгеqчепсу ргеаmрlifiег (LOF), as we[[ as роwег supplies, data acquisition system апd
гаdiоmеtег сопtго[.

The 4.7 GHz гаdiоmеtег is buitt оп the basis of the Мikгап rаdiоmеtгiс module, which is а
miсгоwаче рагt of а diгесt gаiп гаdiоmеtег with а total gаiп of 72 dB (15 mit[ion times the роwег!) and
а bandpass fittег (ВРF) at the output. Stгчсtuга[[у, the module is made of 4 sub-modu[es (input [ow-
noise аmрlifiег (LNA), two [iпеаг аmрlifiегs and а band-pass fitteг (ВРF)), iпtегсоппесtеd Ьу гigid
coaxial саЬ[е assemb[ies. The input of the modules is waveguide, the output is coaxia[ (SMA), noise
figчге is 0.З5 - 0.45 dB (24-32К, 10 copies). The опlу items missing аге miсгоwаче dеtесtогs and [ow-
fгеqчепсу ргеаmрlifiегs (LFPAs), which аге designed in-house to faci[itate matching with а high-
speed data acquisition system. The 4.7 GHz гаdiоmеtег is simi[аг to those instal[ed оп гесеiче cabins
N9 1and Ne 2, which diffег fгоm the fочr-hогп system of гесеiче cabin N9 5 оп[у in the absence of
division of the wide 600 MHz band into 4 subbands of 150 MHz each.

The З0 GHz гаdiоmеtег is built оп the basis of the MARS-3 гаdiоmеtriс module апd орегаtеs in
total роwег mode. lnstalled at the edge of the focal [ine.
The рагаmеtеrs of the гаdiоmеtегs аrе giчеп iп Table 4.
Table 4. Рагаmеtегs of гаdiоmеtегs fгоm the secon miггог N9 3.
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